Background: Hypertensive disorders represent the major cause of maternal morbidity in middle income countries. The main objective of this study was to identify the prevalence and factors associated with severe maternal outcomes in women with severe hypertensive disorders.
Background
It has been estimated that hypertensive disorders (HD) in pregnancy cause 50.000 maternal deaths (MD) annually in the world and the vast majority of them occur in low-income or middle-income countries [1] . The main cause of MD in Latin America and in the Caribbean is HD, accounting for approximately one-fourth of the total number of deaths [2] .
In high-income countries, such as the United States, the prevalence of hospital admissions due to HD in pregnancy increased significantly between 1998 and 2006, rising from 67.2 to 81.4 per 1.000 deliveries over that time period [3] . In Canada, HD is the third cause of antenatal hospitalization, with little variation in rates for a 10-year period, from 15.4 per 1000 deliveries in 1991 to 11.3 per 1000 deliveries in 2001 [4] .
HD increase the risk of severe complications by 3 to 25 times, e.g. placental abruption, thrombocytopenia, disseminated intravascular coagulation, acute pulmonary edema, cerebrovascular disorders and other conditions, in comparison to women without hypertension [3, 5, 6 ]. The contrast between low or very low maternal mortality ratios (MMR) in high-income countries, compared to lowincome or middle-income countries with high MMR has been attributed to the quality of obstetric care, patient access to hospitalization, qualification of health professionals and structural resources, including the input and availability of intensive care units [7] [8] [9] .
In this context, the United Nations has recognized that quality of care is of central importance in the strategy to improve maternal and infant health [10] . In the last two decades, there has been increasing interest in the study of severe maternal morbidity (SMM) cases, including its more severe component -the maternal near miss (NM), as a supplementary method to audits and inquiries on MD [11] [12] [13] . The investigation of NM could furnish more details about factors contributing to both mortality and SMM [10] [11] [12] [13] [14] and may be a reference for quality assessment of obstetric care. Nevertheless, in the literature there is still a wide variety of criteria used to identify maternal NM cases [14] .
In 2009, the WHO defined concepts and standardized criteria to identify NM cases, after the identification of organ dysfunction and/or failure as the main determinants of severity. Clinical signs, laboratory tests and management interventions were used, all capable of diagnosing organ dysfunction or failure [15] . These criteria were previously validated by the WHO Working Group following markers of dysfunction and total maximum SOFA (sequential organ failure assessment) score, applied to an obstetric population [15] [16] [17] .
This study is proposed due to the high association between hypertensive disorders in pregnancy and severe obstetric/clinical complications, resulting in high rates of severe maternal outcomes (SMO). In addition, there are only few studies to date focused on severe morbidity as proposed by the WHO [15] . Therefore, the purpose of the current study was to identify the prevalence and factors associated with the risk of severe maternal outcomes (NM and MD) in a female population with severe hypertensive disorders (severe preeclampsia, eclampsia, severe hypertension and HELLP syndrome) [18] .
Method

Study population
This was a multicenter study, based on 27 referral maternity hospitals located in the five Brazilian regions participating in the Brazilian Network for Surveillance of Severe Maternal Morbidity [19] . Local investigators from each participating maternity hospital carried out a prospective surveillance with data routinely collected, but only after discharge (or death) in all women admitted to hospital during the study period because of a SMM episode. We defined a SMM condition as any case that could be classified, according to the WHO recommendations [15] , as a Potentially Life Threatening condition or a severe maternal outcome (Near Miss or Maternal Death). Data were first collected in specific forms and then entered into the online OpenClinica® platform. Details on the original study methods are already published elsewhere [19, 20] .
Identification of cases
This is an analysis of SMM cases due to severe hypertensive disorders among the total number of SMM during pregnancy and postpartum period, managed by these maternity hospitals, over a 12-month period, from July 2009 to June 2010. For this specific analysis focusing on severe hypertensive disorders, we included women diagnosed with: severe hypertension and hypertensive emergency: blood pressure (BP) level ≥ 160/110 mmHg or hypertensive peak of any value, associated with symptoms or signs of target organ lesion; severe preeclampsia: BP ≥ 160/ 110 mmHg and/or symptomatology of target organ compromise and/or proteinuria determined by dipstick ++ or over 24 hours ≥ 2 g; and/or oliguria < 30 ml/hour and/or thrombocytopenia < 100.000 mm3; eclampsia: presence of seizures in a woman with preeclampsia; and HELLP syndrome: presence of at least one parameter: LDH ≥600U/L; bilirubin ≥1.2 mg/dl; AST ≥70U/L; or thrombocytopenia < 100.000 mm 3 [18, 20] .
. The cases were classified according to the WHO criteria into PLTC and severe maternal outcome (NM/MD) [15] . All these definitions and criteria were included in the correspondent manual of operation of the study [20] .
Variables
The variables studied were: socio demographic characteristics, obstetric history, history of previous disease, patient access to obstetric care, mode of delivery, perinatal results, clinical complications and advanced life support interventions (excluding all those already defined as near miss criteria [15] ), in addition to identification of the "three delays" according to the model originally developed by Taddeus and Maine [21] . The questionnaire has a specific session where delays are explored separately for each of the three phases, with several possibilities for each one being directly asked. Besides that, a rigorous system of data checking was developed by the coordinating center in order to gather more reliable information, as already described [20] . The adequacy of the number of prenatal care visits according to gestational age was based on the Brazilian Ministry of Health recommendation that at least one visit should be performed during the first trimester, two during the second and three during the third trimester of pregnancy. The variables were selected, among all others available in the database, after some exploratory analysis and because they were supposed to be the most important ones for the topic of care to women with severe hypertensive disorders during pregnancy.
Analysis
Initially, the health indicators for severe maternal morbidity, namely Maternal Near Miss Ratio (MNMR), Severe Maternal Outcome Ratio (SMOR), Maternal Near Miss to Maternal Death Ratio (NM:MD ratio), Mortality Index (a proxy to case fatality ratio) and Maternal Mortality Ratio (MMR) were calculated as recommended by WHO [15] . Bivariate analysis was then performed to identify factors (predictors) associated with severe maternal outcomes (maternal near miss or maternal death) by estimating prevalence ratios (PR) and their respective 95% confidence intervals (CI), adjusted for cluster effect (maternity hospitals or centers), although the intraclass correlation coefficients were very low for the majority of variables studied as desired and already described [22] . Maternal complications and procedures used for management other than those already used for near miss case definition according to WHO were described comparatively among women from both groups, with differences assessed with Chi-square test. Additionally the risks of perinatal results were also estimated for women who had severe maternal outcomes (near miss or death) with adjusted prevalence ratios (PR) and their respective 95% confidence intervals (CI). Finally, Poisson multiple regression analysis was performed, also adjusted by cluster and all other predictors. A 95% confidence level was used (with a 5% level of significance) and the software used for analyses were SPSS® version 17 (SPSS, Chicago, IL, USA) and Stata® version 7.0 (StataCorp, College Station, TX, USA). 
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Results
In the one-year study period, there were 82,144 live births in the 27 maternity hospitals participating in the study and 9555 women received a diagnosis of SMM. Severe hypertensive disorders were associated with 70% of these hospital admissions (6706/9555), corresponding to 81.6 cases per 1000 deliveries. Among the total number of women with severe hypertensive disorders, 94% were classified as PLTC (6315/6706), while 349 cases had organ dysfunction or failure, with prevalence of 4.2 NM cases per 1000 LB, a mortality index of 10.7% (42 MD per 391 cases of NM plus MD), and the maternal near miss to maternal death ratio was 8.3 NM cases to 1 MD (Table 1 ). The mortality was almost half of that for non-hypertensive disorder conditions. Table 2 highlights the percentage of approximately 20% of adolescents with SMM due to severe hypertensive disorders, without any significant association with severe maternal outcome. Age older than 40 years increased the risk of SMO by almost 70% (PR 1.67; IC 1.21 -2.31), which was not confirmed by multivariate regression analysis. The risk of SMO decreased about 40% in women self-reported as non-white and in those without a steady partner on hospital admission, but these findings were not confirmed in the multivariate analysis. Maternal history of some chronic diseases such as kidney disease (PR 4.17; 2.49 -6.98), connective tissue disorders (PR 4.30; 2.16 -8.56) and heart diseases (PR 4.09; 2.18 -7.64) increased around fourfold the risk of SMO. The prevalence of chronic arterial hypertension was 22.9% and of diabetes was 2.7% in the total number of women with severe HD without significant association with the outcome. History of heart disease was independently associated with a severe maternal outcome by regression analysis (PR adj 1.98; 1.19 -3.29). Table 3 shows that during pregnancy and at the time of hospital admission, healthcare insurance was mainly provided by the Brazilian national public healthcare system and this was not associated with severe maternal outcome. Furthermore, the adequacy of prenatal care, evaluated by the number of visits for each gestational age, was appropriate in more than 70% of the total number of cases, with no association with SMO. Lower gestational age at the time of hospital admission due to severe hypertensive disorders (early onset of disease) and also postpartum admission were strongly associated with severe maternal outcome. In addition, women with SMO had about twice the rate of elective Caesarean sections. Emergency access to an obstetric referral center Table 1 Women with hypertensive disorders (HD) and non HD among those with severe maternal morbidity or death and their correspondent health indicators
HD 6315 (73) 349 (45) 42 (30) 6706 (70) Non HD 2330 (27) 421 (55) 98 ( by ambulance, even in a scheduled transference was two to three times higher in the SMO group; the diagnosis of NM already existed in around 30% of cases at the time of patient admission to study maternity hospitals (data not shown in Table 4) . Table 4 shows that other maternal complications (unless thromboembolism) and procedures used for the management of complications (unless the use of magnesium sulphate), other than those already used for maternal near miss case definition according to WHO [15] , are significantly more prevalent among cases of SMO than among Values in bold mean they are statistically significant; PR = prevalence ratio adjusted by cluster effect. cases of PLTC as they were obviously expected. Magnesium sulphate was used in a little more than two thirds of the total number of cases (68.4%) and showed no significant difference among groups. The risks of worse perinatal results were higher, especially among SMO cases, with 13% of hypoxic newborns, almost 70% with low birth weight and more than 40% were admitted to NICU. Perinatal mortality was 6.6%, with 21.9% versus 5.7% among women with SMO compared to those with PLTC, respectively (the sum of stillbirths plus neonatal deaths, not showed in table). In Table 5 , Poisson multiple regression analysis identified variables independently associated with severe maternal outcomes cases: history of heart disease, acute pulmonary edema, postpartum hemorrhage and early onset of disease in relation to gestational age, or hypertension remote from term. Blood product transfusion, admission to ICU, invasive mechanical ventilation non-related to anesthesia and longer periods of hospitalization were highlighted as significant management procedures associated with worse outcome. Delays in obtaining adequate obstetric care were also identified by difficulties linked to healthcare services and health professionals.
Discussion
In this study, we applied the Near Miss criteria according to WHO recommendation [15] to a group of women with severe hypertensive disorders, following clinical diagnoses of severe preeclampsia, eclampsia, HELLP syndrome and severe arterial hypertension/hypertensive emergency, justified by a greater specificity of these criteria to case severity. Therefore, the capacity to identify clinical, obstetric and/or epidemiological markers for organ dysfunction and/or failure was increased in this group of women. We also performed the analysis of delays after a systematic evaluation of data collected for interventions that are beneficial to a reduction in morbidity and mortality due to hypertension [23, 24] , such as the use of magnesium sulphate and the collection of variables related to obstetric care, such as patient access to referral centers, among others. None of these results are "not already known", however the confirmation of these associations in a large number of cases prospectively followed is important in establishing firm health care surveillance policies, be it in hospitals, and especially if to be government related, wherever correspondent policies are being planned.
To increase the likelihood of identifying SMO markers in this group of women, we conducted a multicenter study in 27 referral maternity hospitals. Most of these hospitals were public and rendered service by the Brazilian national healthcare system. These maternity hospitals were distributed in the five Brazilian regions and had at least 1000 deliveries per year. With a prospective surveillance system for identifying cases of severe maternal morbidity admitted to hospital, it was possible to collect data on all women and select those hospitalized due to severe hypertensive disorder for this study. Our results showed a rate of 81.6 SMM cases of severe hypertensive disorders per 1000 LB. These numbers create demand for hospital beds specialized in the management of these conditions and corroborate the high prevalence of complications that result in hospitalizations due to hypertensive disorders in general [2, 3] .
With this method, we identified a prevalence of 4.2 NM cases due to severe hypertensive disorders per 1000 LB and a ratio of 8.3 cases of NM to 1 death, and mortality index of 10.7%. This was much higher than those found in high-income countries, which was 0 to 1.8% [25] [26] [27] and in middle and low-income countries (0.5 to 20.7%) [12, [28] [29] [30] [31] . It is noteworthy that studies in highincome countries used mainly clinical criteria for the diagnosis of NM (severe preeclampsia, eclampsia and HELLP syndrome). Studies of low-income countries selected cases of organ dysfunction and/or failure among clinical diagnoses and therefore used a method similar to ours. In this study, a high ratio of specific maternal mortality associated with hypertensive disorders was found, with 51 deaths per 100.000 LB in these maternity hospitals.
Among the maternal socio demographic, obstetric, and clinical variables, older maternal age was identified as a risk factor for severe maternal outcome, a finding that is in agreement with results in the literature [32] . Some comorbid conditions that are relevant in studies investigating severe maternal morbidity are also associated with a severe maternal outcome, not only for the hypertensive disorder group [32] . Contrary to what has been reported in the literature, non-white color, marital status and living with a steady partner were variables associated with a lower risk of SMO. Although the same findings were not confirmed in the multivariate analysis, these results were quite surprising. Anyway there are some arguments that could possibly explain them: in Brazil, racial miscegenation is high and race was dichotomously categorized as white or non-white, which may have contributed to reduce differences between groups. Regarding marital status however we found no answers and only identified in the literature a qualitative study conducted in a low-income country reporting a negative influence of partner and family members on the woman's decision to seek medical care when she perceived symptoms [33] . Another possible explanation for these findings could be a bias due to the relatively high proportion of missing values for these variables. This occurred because the data was gathered after discharge of the women and this information was not in their clinical records. However we did not believe this is very likely to be true, taking into account that a higher proportion of missing values comes from less severe (PLTC) than from NM or MD cases. On multivariate analysis, these variables did not show to be associated with severe outcome. It is also important to consider that all PR adj = prevalence ratio adjusted by cluster effect and all other predictors entering the model of Poisson multivariate regression analysis (maternal age, skin color, education, marital status, number of pregnancies, number of childbirths, previous C-sections, history of medical conditions, smoking, prenatal coverage, prenatal adequacy, hospitalization coverage, gestational age at hospital admission, gestational age at delivery, mode of delivery, onset of labor, access to referral center, and delays). *There were 1218 cases excluded due to at least one missing value for variables entering the model women included in the study already had a severe clinical picture, and this condition may have contributed to a greater homogeneity between groups. Among the obstetric variables, the most noteworthy is early onset of hypertensive disease, evaluated by the lowest gestational age at the time of admission. This condition is recognized in the specific literature as a predictor of poor maternal and perinatal prognosis [18, 34, 35] . There is also an increased potential for the presence of subclinical disease, such as systemic lupus erythematous, kidney or thrombotic disease [35] [36] [37] [38] . This condition remained an independent variable for severe maternal outcome by multivariate analysis and was confirmed as a marker of poor maternal and perinatal prognosis, reinforcing recommendations of early admission to tertiary or referral centers, for adequate management of the woman and fetus. In addition, assessment of the best time for therapeutic delivery is warranted, since it also results in a higher prevalence of preterm birth and thus increased need for neonatal intensive care therapy. In this study, preterm occurred in more than 40% of the total number of newborn infants and the prevalence was higher in the SMO group. This poor perinatal outcome was in agreement with a populationbased study on the impact of hypertensive disorders in perinatal mortality [39] .
Among the clinical maternal variables identified by Poisson multiple regression analysis, a history of heart disease remained significantly associated with a severe maternal prognosis. Studies conducted with pulmonary artery catheterization showed that women suffering from chronic arterial hypertension with superimposed preeclampsia had a higher risk of developing pulmonary edema [40] and also heart failure. Sibai suggested that women with chronic arterial hypertension be evaluated in the preconception period or at the beginning of pregnancy for the presence of target organ (heart, kidneys) damage. These cases are termed "high-risk" and prenatal care should be specialized to minimize maternal/perinatal morbidity and mortality [41] . Chronic hypertension was the major comorbid condition identified in around onefourth of the cases with severe hypertensive disorders.
Acute pulmonary edema is also a clinical marker of cardiopulmonary complication. The pathophysiology of preeclampsia favors the occurrence of this condition. Fluid overload imposed on these women may increase the incidence of pulmonary edema, especially during anesthetic procedures and in the postpartum period [42] and that is why fluid restriction is recommended (60 to 125 ml per hour in 24 hours) in the management of severe preeclampsia [43] . In our study, acute pulmonary edema was prevalent in 1.7% of the total number of cases. Of these, it occurred in 16.6% of the SMO group, while in only 0.8% among patients with PLTC. Acute pulmonary edema has already been elected an indicator for quality assessment of obstetric care in this group of women [44] .
Regarding obstetric care, it is well-known that severe hypertensive disorders, particularly eclampsia and hypertensive emergency, predispose patients to the occurrence of hemorrhagic or ischemic cerebral events, due to endothelial dysfunction associated with the loss of cerebral blood flow auto regulation that occurs in the presence of eclamptic seizure or an abrupt elevation of blood pressure levels. In the United Kingdom, a study on the incidence of eclampsia and its complications reported a significant decrease in both conditions between 1992 and 2005, after the introduction of magnesium sulphate for the management of preeclampsia and eclampsia, with no maternal death in 2005 [45] . We did not classify the clinical forms of hypertension and therefore we could not evaluate the use of magnesium sulphate in these cases.
Considering obstetric complications, there is a classic association between severe hypertensive disorders and placental abruption. However, there is no distinction in the occurrence of postpartum hemorrhage. In our study this complication was present in 4% of the total number of cases, with 19% in the SMO group and 3% in the group with PLTC. We believe that placental abruption may represent an intermediate variable for the occurrence of postpartum hemorrhage, due to atony or uterine apoplexy, which may also lead to an increased rate of postpartum hysterectomy due to bleeding. However, this affirmation could not be made because the association between cases of placental abruption and uterine atony was not analyzed. Studies have shown that the use of magnesium sulphate in the antepartum care of these cases decreases the occurrence of placental abruption [6, 46] and may reduce this morbid condition as well.
The need for interventions to manage severe disease occurred in about 80% of these cases, with a clear predominance in the SMO group. Among them, mechanical ventilation, blood product transfusion, admission in intensive care units and also a longer period of hospitalization were significantly associated with a worse prognosis. These findings are in agreement with other national studies [47] [48] [49] and reinforce the need for obstetric intensive care units for patient management.
Some delays for adequate obstetric care occurred in more than half of the cases and in even a larger proportion of SMO cases. Factors related to healthcare system and services (second delay) and health professionals (third delay) were associated with the worst outcomes. These results unveil a fragmented care network, inefficient offices for regulation of obstetric beds and/or lack of hospital beds for the management of complex cases (obstetric intensive care units) and also a model of care that disrespects scientific evidence on what is beneficial for the treatment of hypertension, also evaluated by the use of magnesium sulphate with a prevalence lower than 70% for the total number of severe cases. These findings are in agreement with publications about barriers against the reduction in MD from hypertension, in low or middle-income countries [8, 23, 44] .
This study has some possible limitations. First, it was not a population-based study, although it had representativeness in maternity hospitals in every region of the country. Second, we did not classify the clinical forms of severe hypertension, a fact that could allow us to identify SMO by specific diagnosis, such as eclampsia which is recognized as the major cause of maternal morbidity and mortality in low-income and middle-income countries [1, 6, 9] . Classification of hypertension could also assess management with magnesium sulphate in specific clinical situations, since we believe that there was a low prevalence of magnesium sulphate use (68%), considering that all cases were severe. This finding was similar to the results of another study on the prediction of adverse outcome in preeclampsia, in which the prevalence of magnesium sulphate use was only 62% [34] . A new international study from WHO has just showed that magnesium sulphate was used in around 85% of cases of eclampsia, therefore arising the discussion on the appropriateness and timing of use that would probably also have a key role in determining the outcomes for women [50] . Third, we failed to explore some relevant NM aspects by patient interview, due to technical impossibility in obtaining a written informed consent term from all women regardless of clinical condition presented at the time of hospital admission. Nevertheless, it was possible to perform analysis of the delays. In addition, and exactly by this same reason, there are some variables like skin color and education where missing data reached relatively high proportions (around 25% of cases), thus possibly favoring the occurrence of bias. However there is no evidence that they were preferably distributed between categories.
On the other hand, the merit of the study is its large number of cases and the prospective surveillance using standardized definitions recently adopted and recommended by WHO. Poisson multiple regression analysis could be performed in about 5500 cases to identify and/ or confirm clinical and obstetric markers independently associated with worse maternal outcome, such as hypertension remote from term, postpartum hemorrhage, history of heart disease and pulmonary edema, which may be modified by direct intervention in patient care. Furthermore, unpublished analysis of the delays identified weaknesses in the national healthcare system, since technical, political and administrative interventions may modify this predictor. Finally, we could not locate other study addressing NM as defined by the WHO related to HD. This reveals the possibility of implementing a prospective, hospital-based and national surveillance system for the investigation of NM, particularly in hypertension which is still the leading cause of maternal death in Brazil.
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